Parkinson's disease is associated with emotional changes including depression, apathy, and anxiety. The current study investigated emotional processing in non-demented individuals with Parkinson disease (PD) using an electrophysiological measure, the centro-parietal late positive potential (LPP). Non-demented patients with Parkinson's disease (n ¼17) and healthy control participants (n ¼ 16) viewed pleasant, neutral, and unpleasant pictures while EEG was recorded from a 64-channel geodesic net. The Parkinson patients did not differ from controls in terms of early electrophysiological components that index perceptual processing (occipital P100, N150, P250). Parkinson patients, however, showed reduced LPP amplitude specifically when viewing unpleasant, compared to pleasant, pictures as well as when compared to controls, consistent with previous studies suggesting a specific difference in aversive processing between PD patients and healthy controls. Importantly, LPP amplitude during unpleasant picture viewing was most attenuated for patients reporting high apathy. The data suggest that apathy in PD may be related to a deficit in defensive activation, and may be indexed cortically using event-related potentials.
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Introduction
Parkinson's disease (PD) is a neurodegenerative disease related to the loss of dopamine neurons in the substantia nigra and a degeneration of multiple motor and non-motor basal ganglia circuits (Alexander, DeLong, & Strick, 1986) . While the essential characterizing symptom of PD is abnormal motor activity, in the form of tremors, rigidity and bradykinesia, there are also significant impairments in cognitive and emotional functioning (Blonder, Gur, Gur, Saykin, & Hurtig, 1989) . For instance, both depression and apathy are significantly higher in Parkinson's patients than in other medically debilitated populations (Kirsch-Darrow, Fernandez, Marsiske, Okun, & Bowers, 2006; Reijnders, Ehrt, Lousberg, Aarsland, & Leentjens, 2009) , with previous research reporting rates of apathy (without depression) up to 17-30%, suggesting that apathy may be a unique feature of PD (Kirsch-Darrow et al., 2006; Oguru, Tachibana, Toda, Okuda, & Oka, 2010) .
Among the possible mechanisms underlying emotional dysfunction in Parkinson's disease are amygdala abnormalities (Tessitore et al., 2002) and degeneration of non-motor basal ganglia thalamo-cortical loops, caused by dopamine depletion in the ventral striatum, an area known to project to regions of the frontal cortex important in emotional behaviors (i.e., anterior cingulate cortex and lateral oribitofrontal cortex; Alexander et al., 1986; cf. Zgaljardic, Borod, Foldi, & Mattis, 2003) . Whether emotional difficulties, particularly apathy, result from an affective disturbance or a behavioral deficit remains unclear (Brown & Pluck, 2000; Levy & Czernecki, 2006) . For instance, PD patients report that emotion is experienced as intensely as healthy controls, but rate themselves as less emotionally expressive (Mikos et al., 2009) , partially due to reduced emotional facial expressions (Bowers et al., 2006a ).
Lang's motivational theory (Lang & Bradley, 2010) views emotion as reflecting activation in fundamental defensive and appetitive systems that have evolved to mediate attention and action in life-threatening and life-sustaining contexts. According to this view, emotional reactions to environmental cues reflect activation in basic defensive and appetitive neural circuits, indexing the extent of both defensive and appetitive motivation. Pictures depicting threatening and appetitive natural scenes encountered by humans in the world are cues that reliably activate these circuits (Lang & Bradley, 2010 . Previous studies have found that individuals with PD showed reduced potentiation of the startle eye blink response, a defensive reflex, when viewing unpleasant pictures, compared to healthy controls (Bowers et al., 2006b Miller, Okun, Marsiske, Fennell, & Bowers, 2009 Zahodne, 2012 
